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1. The giz made]

Thge sigma system introduced at the early stage of numerical wealher

prediction has enabled a simple representation of the effect of i tains ang
hias become almost universally accepled. Concern has however persisted over
ihe possibility of targe errors in calculation of the pressure gradient Torce over
sieep Lerrain slopes in some situations, and arvors also may OCour or are knowh

{o gccur in the horizonial advection and lateral diffusion. Experience show

A7}

that sigma system models do indeed have difficulties with very steep mountains
thus it is a cormrmon practice to smooth terrain elevations before they are
incorporated inio NWP models. This however reduces the barrier effect of

F S,

model mouniains and/or the ability of the model io capture the influence of

smalier scale terrain features.

& techniqus proposed a few geai‘s ago to circurmvent these difficulties
{Mesinger 1984) is the use of the eta coordinate which is a generalization of the
sigima coordinate bul permits step-like representation of mountains and
guasi-horizonial coordinais surfaces. The "minimum physics” eta model
developad at the University of Belgrade and at the Geophysical Fluid Dynamics
Laboratory, Princeion (Mesinger et al. 1955a), has been recoded at NMC for
efficient vectorization and subsequently subject to comprehensive further

deveiopment and testing. In particular, during 1957 a comprehensive physics

l

rackage was added to the model (Janji¢ and Black 18871, The model forrmulation

"l

differs from that of NiMC's regional operational Bested Grid Model {Phillips
1979; Hoke 1984} in a number of ways in addition to its use of the eta

caordinate, as follows.
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space differencing schemes used are designed to minimize the nead for

artificial noise-control mechanisms. This is primarily achieved by a different

harizontal grid {Arakawa E as opposad to DY and 2 momentum advection schems
idanjic 1984) which strictly controls the false energy cascade toward smaller
zcales

2 Forward-backward (split-explicit) time differencing is applied for the

adjustment terms, which along with splitting of the adjustment and the
advaction {erms and the rotation of the spherical coordinates permits
gdjusinent time steps more than 3 times | r than those used by the NGM for

about the same horizontal qrzd diztance.

& More advanced and/or different Tormuiation is used for some of the major
components of the physical package including the Mellor-Yamada level 235
turbulent exchange {Meilor and Yamada 1974, 1952} and Betis convective
garameierization sc%‘;eme iGetts 1986; Betts and Miller 19586). These, however,
e

ar hay

L.l'
o
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nag b been (the Betts convection scheme) written ina “plug

compatible” form so that after being tested in the eta model they can also be

uzed in other models.

The Tateral boundary treatment, choice of the ihtegrat‘im‘; region, and the
ing approach are still other aspects in which the eta model differs from the
MM, The lateral boundaries are prescribed in a ohe-way mode so that when
used for NwWP fhﬁ boundary conditions have to be provided by a larger scale
model. ‘wWhile this represents a restrictive feature it also enables the model to
be run Tor an exiended time as a nesied model. The integration region is defined
by a specification of its central Tongitude and latitude and the extension in

.'géiua‘s and latitude. The model is thus easily run on any



region of interest. Finally, for portability and for the ease of a possible changs
to & next generation computer system the CYBER 205 FORTRAN extensions are
etther avoided or are used along with an alternate standard ANS) code. The
altiarnate code has been tested by experimental integrations performad ocutside

MMC on two different computer systems.

Freliminary results have been reported on several occasions Janjic et al.

(¥

1904, Black and Janjic 1988; Mesinger et al. 1988b, 1988c¢) and tasting is
proceeding along a number of directions. Because the model can switch from the
gis 1o the sigma coordinale mode, direct comparisons between the two can be
made. Such etassigms mode experiments have indicated an increased rn.usm
and somewhat higher standard deviation of geopotential height errors of the
sigima integrations; an increased cold hias of the sigma compared to the eta
mode, throughout or only 8t mid-troposphere; and some degradation of

shori-range accuracy of evel pressure patisms.

Considerable siiention has been directed at comparing the performance of
the model against th he MGM when the eta model is sef up 1o use about the
same space resolution as the NGM on 1ts innermost grid and to reguire about the
same computational effort with the present coding. These comparisons have
Bean general in scope with emphasis on mean sea level synoplic Teatures,
pariiculariy the evolution of cyclones, and on the prediction of precipitation.
During the winter of 1967-58 one notable difference was that the NGM was slow
in tis forecasts of coastal lows significantly more often than was the eta model
yhile ceniers in the laiter were sometimeas too intense. Substantial
sxperimentaiion has been undertaken since that time aimed af refining the Betts
convection scheme in the eta model and by late summer 1938 the eta

precipitation threat scores of two i4-forecast series tended to be higher than

LA}



thosa of the NGM for all rainfall categories greater than 0.25 inches.

.ﬂ

Precipitation bias scores of the eta model for these two series have also been

qenerally closer 1o unity than the NGM's,

One pifot experiment done in 1983 was a ten-day nested run of the eta
rode] with 1ateral boundary conditions supplied by the HMC medium range
spectiral maode] (MRF, Sela 19358}, &l the 6-7 day forecast time of this
experiment both the nested ela and the MRF model forecasts substantially
underpredicied the eastward propagation speed of a short-wave
mid-irepospheric Trough r the western and central United Siates but the eia
mdel’s error was only about half that of MEF's. This was associated with an
apparent reduction in the sea level pressure e af the nesied eta over the
MRF forecasi. The nested ela forecast also betier maintained the amplitude of
the subtropical high at 500 mb over the south and south-eastern United States
oy avoiding much of the coid bias problem of the MRF model.

A notably difficult forecast to which particular attention was given is that
of the savere weather and tornado outbreal of March 1984, This case has also
been considered by other investigators (Kocin et al. 1984; Collins and Tracton
1985; Guyakum and Barker 1988). A low that formed over Texas underwent
expiogive intensification between aboul 1800 and 2200 UTC 25 March 1984
vwhile propagating to the northeast. As it crossed the southern Appalachians,
the low split and formed separate centers. Three centers have bean identifiad
on the rouiing NMC surface analusis. The center east of the Appalachians was
associated with 22 tormadoes occurring from about 2130 UTC 28 March to about
230 29 March along a line extending from northwest South Caroling to
northeast North Carclina. & “double resolution” (grid distance about 40 ki) eta

miadel Toracast was successful in (a3} reproduc ing the three low pressure centers



with the two major centers located very close to their analyzed positions, and
{b} predicting 3 24-hour accumulated precipitation patiern with the 25 mm
contour extending into northwest South Carolina parallel to the
very rauch as on the verification map {Mesinger et al. 198380}

ong with these various verification tests the refinement of a number of
mode Teatures and of pre- as well as post-processing packages has taken place.
A5 of this writing, the most recent changes in the standard model set-up have
Geen made in Seplember 1955, They consisted of a refinement in the
specification of the initial specific humidity so as to have it limited (o 95 %
relative hurnidity, which was at some time prior to that chosen for the
threshold value of the large scale precipitation; and of a redefinition of the
madel mountaing 50 as to permil the elevation of lake and sea coast {four-point)
sieps to be rounded o reference interface elevations greater than-zers
Following these changes the jongest verification series to date has been
performed on data of late October-end of Movember 1958 when 80 consecytive

43 hour Torecasts were performed twice daily on data at 0000 and 1200 UTLC.

iz ihe purpose of this note to (11 report on the eta precipitation scores of
this test period, {2 surmmarize resulis of the 500 mb helght errars Tor the last
30 days of the pericd, and (3) show twa forecast examples again from this
period, ohe of & precipitation forecasi and the other of sea level pressure,
chosen Lo include a storm developing while crossing the western mountainous
part of the United States. To the exient this is feasible from the practical point
of view results will be compared against those of the current regional (NGHM} and |

glokal {MRF) operational National Meteorological Center's model.

L |



(e

. The precipitation scorss

ifi statisiical evaluation of the considered sample of 50 consecutive
Torecasis most atiention has been given to precipiiation scores. Threat and
bias scores {e.q., &nthes 1983} were calculated and compared with those of the
HGM for the same initial times. Objective analyses of accumulated

precipitation are available at each 1200 UTC, that is, once daily fn::r 24-hour
periods. Scores were calculated uging a verification program comparing the
‘eaperimental” {eia) and the NGM forecasis starting at the begining of each
Z4-hour period, starting 12 hours earlier, and starting 24 hours earlier. The
aciual number of 24-hoyr ;J&f‘iu:aﬂ's that were verified by the program is 2 less

i 40 because of the one 24-hour period needed at the beginning to collect the

.
—

e Torecasis for the same verification time, and another day {_E!i'iijii'lf._'{ 1200

UTC 14 Movember) which was excluded as a result of archiving problems.

This nevertheless being a targe volume of data, concentrating on a reduced
sample in ways which could produce information of most interest seems
desirable. Perfaps one is justifiad in assuming that i7 a model is doing better
on the second day of the forecast it was doing betier also on the first day, or, if
ihis ig not 50, that a model's weakness in the Tirst day is easier to remove than
that in the second day. In addition, days with maore t’nf_Esﬂsé precipitation would
seem to deserve more attention than those with light precipitation. Finaliy,

threat scores were deemed to refiect the accuracy of a model's precipitation

forecasis much more than the bias scores.

For thes

7]
by}
| l"l

reasons, within the mentioned test period 24-48 k forecasts for
days with higher precipitation amounis were chosen for inspection. Days with

total precipitation on the verification grid Er gvering about the sastery

w



tero-thirds of United States higher than 30 {relative units) were chosen. There

(i)

wiere 12 periods with precipitation amounts higher than this value. For visual
ingpaction, the eta and the NGM threat scores for each of these periods are
plotied in Fig. 1 as functions of the threat score category up to that exceeding
V.25 inches. This category of 1.25 inches and greater is the highest category for

which all of the 12 periods considered registersd verification points.

Inone af the 12 periods {ending 1200 UTC 12 November} the NGM scores are
stightly belier. For two periods it is not obvious which model produced the
belier forecast. For the remaining nine periods the sia model scores are
superior to those of the NGHM, typically due o clearly higher scores Tor the

neavier precipiiation categories.

The verification program used also calculaies the average scores for the

wirinds, However, becay

[Xr]
|;'|;1

of the 36-day WNMC archiving sysiem

ip
and & week's 1ag in precipitation verification, the program could not be used {o

t‘l'll

obtain average scores for the entire 36-day sample. Instead, average s : for
four sub-sets of this sample were obtained. They were of various length; the
iongest was the 26-day sampie covering the periods ending at 1200 UTC S
Movember - 1200 UTC 1 December {excluding 1200 UTC 14 November). Average
values for 0-24 b and Tor 24-48 h forecasis for this 26-day sample as functions
of the score category up Lo that of 1.5 inches and greater are shown in Fig. 2
Average values for all Torecast hours for the same sample are shown as the
upper panel of Fig. 3. Average values of the bias scores for all forecasis hours

anhd Tor the same sample are shovwn as the lower panel of Fig. 3.

In each of the three plots of the average threat sco shown, the NiGM

shovwes slightly higher scores for the (.01 inches category. For the larger
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amounts of 1.00 amh and greater in the 0-24 h forecasis and of 0.50 inches and
greater in the 24-45 h forecasts and in the ﬂwerai! average {0-24, 12-36, and
24-48 h forecasts) the eta model forecasts yielded scores substantially higher
than those of the NGM. Roughly speaking, in the overall average the eta mode)
showed an accuracy which was up to about a factor of two better than that of

the NGM for higher precipitation categories in terms of the threat score.

These much improved thireal scores did not g a5 a result of the ela

c;-
U‘J

model forecasting more than observed amounts of intense precipitation. In fact,

Just as the NGM, the eta model had underforecast the heavier amounts of

precipitation {see the bias score plot shown in the lower panel of Fig. 3)
dovwever, ong may wonder how are the iwo models perf m‘ming for periods of
light precipitation? ‘wWas the model which verified better for periods of heavy

rain perhaps {1} less accurate in days of light precipitation or {(2) forecasting

ljtl

assive precipitation on days when in fact there should be little of it?
Regarding the first question, threat scores for days with light precipitation
were examined. Plois for the six days of lightest precipitation, haif as many
days as those of the heaviest precipitation, are shown in Fig. 4. Expressed in

3

ieims of threat scores, performance of both models for these periods of Tight

apparent.

As Lo the second of the two questions, scatier diagrams of the total

L_l

berved” ve 0-24 and 24-48 h forecast precipitation for the iwo models and
Tor all verifiable 24-hour perinds of the 40-day sample is shown in Figs. 5-6.
The figures includes the linear least squares fits to the data shown as well as

fo i P o = = = ] = 1 = i~ ~q % iy
the assaciated regression equations and correlation coefficients. Some more

precipitation is unimpressive. Ho clear advantage of one model over the other is
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scatisr of the 23 mode! total precipitation amounts is seen. Both models,
however, exhibil an sdequate skill in forecasting the tolal amount, much batier

thare that of forecasting the location of the precipitation over the verification

51111 another point of concern can be the statistical significance of threat

soores 35 g function of precipiiation threshold in view of the decrease in the

of LFM grid boxes with precipitation in various categories within the 26
24~hour periods of Figs. 2-3 could be of interest. These numbers are shown in
Tabie §. On the ofher hand, one can also argue that the more intense

- o~ > R T

precipiiation

.a.
51:1

Tabie 1. The total number of LFM orid boxes with precipitalion equal and above
YEringg fn sholds for all forecast hours within the 26 24-hour periods ending
ai 1200 UTE, 5 Movember - 1 December, excluding 14 November, 1988

Precipiiaiion threshold, inches Mumber of LFM grid boxes
.01 gaas
025 2190
050 1164
075 17
1.00 423
1.25 246
1.50 144
1.7 105

3. The genpotential height errors

For verification of geopotential heights, mean, standard deviation, and total



height arrors at 500 mb wers calculated for a number of subsets of the
mentionad 40-day period. Again the overall 40-day average could not be
calculated using available programs due 1o the ar::i*ris.fing restrictions. Results
for the 20 days of Movember are shown in Figs. 7-8. Thiz Lime the comparison
alzo includes the aviation model. 1t is identical to the MRF model, except that it

iz run with a shorter data cut-off time (3:45 vs. 5:00 h; Bonner 1983} and at 12-

{rathar than 24} hour intervals, Sif;-.:... varification against the eta model initial
conditions was nol possible due Lo archiving reasons, sl three models ars

verified against the NGHM intialized fields which presumably puts the NGM at
zome advantage over the other two models. Az it is, bayond 12 hours the
gviation model showed the smallest standard deviation error. With the fote)
rms errer dominatad by the larger of the mean and the standard deviation error
the smaliest mean error of the eta model did not offsel the standard deviation

Fdvantage of the aviation model so that the aviation model also had the smallest

Several remarks could be made regarding the keighi errors displaged.
Subsequent 1o our tesis the mean 500 mb height error of the MREF/aviation model
4

20 & after implementation of changes on 30

Movember 1988 which have included accounting for model-predicied clouds in

Doundary conditions in our "sianderd” runs which include the present test period
are derived from the avisiion forecasts with 12-hour old initial data. Thus,

excent Tor the effect of interpolations the eta model 43-hour errors on the



Mean 500 mb height error, cm

SO0,

-, !
3 e T
S . ~
v —-
. . " e
- - o
e ——— T
- —-"'-_
—S0- -
SRR .
- -
e g
—
-

ol iz z < 48

Standard devigtion of SO0 mb height error, em

e
2500

20

$500

e
e

w4
Fud
A
o
gl

48

ng &t D000 spd 1200 UTE within the 30 days f %i;r:.-*amber 1988,

[
1]

st

MGHM

1
e
o

nand standard devistion of the 500 mb geopotential height error, upper and lower
u. Yerification for 8l three models i34 ﬁ?f&a irr—*f HGM initialized anajuses, an LFH
s aa'r? atcytatad for Yend points ondy. The sampls containg 5% aviation, and 60 NGM and eta



£ 500 —_— Sy
4000 S e HEM
i - Eiq

100
007 .
Y
o 12 24 35 45

Fig. &, Telal rms 500 mb gespatential height ervor. Yerificstion for 211 three models is done
Foairsl HE ?1 imttalized analyses, on LFMgrid. Ervors are calewlated for land moinis mm The zample
containg 59 aviation, and 60 HGHM and efa forecasts, starting of 0000 and 1200 UTC within the 30 daus

o~ e o
’TE ws‘i‘«-tﬂh}a }?gﬁ.

Inn choosing exampie(s) of precipitation Torecasts our original intention was
e select, Tor obieciivily, one of the 12 intensive precipitation pericds for
witich the eia model verified best u:mﬁ-ﬂrdtf to the NGM and one where the
oyrever, looking over the threat score plois of Fig. 1 one
can note that this is not easiiy done because among the periods coverad {1)
ners are saveral Tor which the eta model scores are higher than those of the
fiere is no

weiod for

T2



scores are clearly higher that thoze of the ets model.

It this situation we will show the precipitation forecasts for the first of
the periods of Fig. 1. This happen & the period of the highest eta model
scores Tor the category of 1.00 inch and greater and also the period of highest
susiained scores for both of the models up to and including the category of 0.50
inches and greater. The NGM, the eta model, and the verification accumulated
pracipitation maps Tor this period are shown in Fig. 9 as the 1eft hand, the

middie and the right hand panel, respactively.

The orientation of the 20 mm contour in the NGM man is just about as that in
the verification map bul the region it encloses is centered east of that of the
verification contour. Thus, the 30 mm contour along the border between indiana
and Ohio at the center of the NGM 20 mm area is located east of the line ;:ff
nighest precipitation on the verification map running across central Tennesses
and easiern Kentucky to the tri-state point of Nlinois, indiana and Kentucky.

The 2ia 20 mm area on the other hand is ceniered very accurately over central
Tennesses and then further to the north roughly over Indiana also east of the

¥e ;'if tcation center but not as much as that of the NGM forecast. Further south
the Tocation of the NGM line of maximum precipitation roughly along the border
belween Alabarna and Georgia continues to be east of that in the verification
rrap indicated by the 30 mm area over Alabama. The small area of precipitation
over 30 mm in the ela map over central Alabama is on the other hand placed

well within the 30 mm area in the verification map. The NGM forecast however
could be given credit for attempling to reproduce the isolated small area of over

20 mm in the Great Lakes area and only narrowly missing ils precise location.

wWhile comparison of features of this kind is certainlu of interest the

fog
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primary reason for the difference in threat scores seenin Fig 1 for this case is
clearly the ets forecast's 20 mm contour in Fig. 9 enclosing an area much closer
in size to that observed than does the corresponding MGM contour. Indeed, with
35 (LFM) verification points (boxes) of 0.75 inches {about 19 mm) and greater
the stz forecast had 34 points of which 24 verified as opposed to the MGM's 19
points of which 14 verified; a percentage slightly greater than that of the =ia
forecast. However this is not 3 common situation. A contrasting exampls are
tha forecasts for the 24-hour period ending 1200 UTC 20 November which alzo
was the period of grestest total precipitation and which has probably
contributed most {o the advantage in scores Tor higher amounts of precipitation
shown by the ets model. in all three of the forecasts for this verification
period {in 0-24, in 12-36 and in 24-48 h forecasts) the NGM had higher total
amounts of precipitation over the verification regicn than did the eta model. It
also tended to have about the same or even a greater number of verification
points in higher precipitation categories. Thus in the 1.25 inches and greater
category the 0-24 h NGM forecast had 15 points of which 9 verified as opposed
tosta’s 16 points of which 15 verified. Inthe 12-36 h {forecast the NGM had 17
n 8 verified as opposed to eta’s 23 points of which 12 verified.
Finally, in the 24-48 h forecast the MGM had 10 points none of which verifisd
opposed to eta’s only 8 points of which 5 have verified however. Mone of the six

3T
E4

forecasts had more points than observed in this category which was 23

For an example of the sea level pressure forecast we shall show a case

[y

chosen Lo 'Ez'z‘s-*ﬁi*seamaa or storm which had crossed the western mountainous
fferences in the treatment of

mouniains in various models could be emphasized. The storm we chose happenad

io be associated with an outbreak of 54 tornadoes primariiy over Arikansas and

Missouri making it the fourth largest on record in terms of the number of



tornadoes reported. We shall follow the storm’s evolution starting with the
initial time of 0000 UTC 14 November 1988, The MMC surface analysis for this
tims iz shown in Fig. 10. & frontal system is seen over a number of western
slates associated with 2 main low centered just off the Pacific coast and a

secondary center over Nevada aieng with a multitude of other mezoscale

During the next 12 h the frontal sysiem generally moved eastwards and
sputheasiwards so that at 1200 UTC on the NMC surface analysis shown in Fig.
11 ihree separate centers over the western states are identified {01, 99 and 08}
atong wilh Lwo weak centers remaining of f the Pacific coast. At that time
thers was not yet much difference between the and the NGH forecastis shown
as Lhe jower and the upper panels in Fig. 12, respectively. However the NGM
does show generally higher pressures over the southwestern United States more
inagreement with the analysis. On the other harﬁj a moie accurate depth of the
ata rnodel low off the northern Catifornia coast should be noted which may have
enabied the ela model {0 show a c%ear&rd rfinition of the trough running
southwesitwards across southern California. In terms of depth and location the
two ela centers of 1001 and of 1000 {mb} are both very near the analyzed

centers of 01 and 89 off the two weslern corners of Wyoming.

One should note that some of this and other detail such as the reduced noise
of thae aia map in Lerms of the number of centers printed over mountainous
reqions is refated Lo the difference in the reduction to sea level usad in the two
modeis. & number of options for the reduction to sea level are svailable in the
ela post-processing code. The one used for the map shown in Fig. 12 and for the

unsequent fiowres 15 the so called horizontal (or “relaxation
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the HMC surface analysis for D000 UTC 14 Hovember 1285 {Hims of the
nrecasts shown in the following figures).
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computed in each model layer which contains mountains by solving the Laplace
equstion with virtual temperatures next to the sides of mountains used for
boundary conditions. It is our impression that this relaxation temperature
method although very different from the one used in synoptic practice
nevertheless results in sea level pressure maps which are genarally more like
the analyzed maps than the maps resulting from a "standard” reduction based on

temperatures immediately above ground and a lapse rate of 0.0065 K m™!

During the second 12 h the frontal system undergoes changes, which in their

1arge scal

l:'i_l

B
ik

ﬂ:l

atures are perhaps not unlike those of a typical frontal baroclinic
deveiopment but on a smaller scale are associated with a multitude of centers
presumably resuliing from the complex topography of the region. Thus, on the

HMC analysis Tor 0000 UTC 15 November shown in Fig. 13 three centers ar
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g the frontal line and two mare in its immediate vicinity. The eta
24 h forecast on the lower panel in Fig. 14 shows two 9958 centers, one in

1 ¥yoming and another in eastiern Colorado somewhat north of the
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the NGM Torecast shown as the upper panel in Fig. 14 which has only a single
cenler in Wyoming a good deal deeper than the 97 Wyoming center on the
analysis map. An erroneous pressure gradient over Arizona is seen associated

with the Tack of the trough seen in the analysis.

wWithin the third 12 b period the frontal system having mostiy crossed the
mountaing becomes more coherent with a single major center in southeasiern

Colorado and & secondary center in eastern Nebraska (Fig. 15). There is not much

'l
(Y|



¢ obisct to in the eia forecast shown as the lower panel in Fig. 16 except that
ohe might wish Lo see some ridging of the 1000 and 1004 mb iscbhars towards
the northeastern corner of Colorado and less troughing of the 996 mb isobar into
Mebraska. The MGM forecast shown as the upper panel in Fig. 16 iz also missing
such detail but is also failing to capture the larger scale shape of the syste
and is placing the cenier north of its observed position. This position and the
depth error are associated with the excessive pressure gradient over eastern

#Wyoming, almost twice as intense as on the analysis in Fig. 15

During the Tinal 12 hours of the 48 b period the frontal system perhaps
surprisingly again acguires a more complex shape so that now three centers are
identified on the MMC analysis shown in Fig. 17 within the low pressure area

to the

Pl

running from southeastern Kan autheastern corner of Minnesota. The

lt.i“.l
L]

a

ﬂ:'l

50
major 82 cepler is somewhatl west of the midpoint of the border between
Mizsourt and jowa. The eta Torecast shown as the lower panel in Fig. 18 fails {o
identify the two secondary centers but does have the major low E:eraier
accurately iocated and caplures the troughiness of the 996 mb isobar into
northeastern Oklahoma as well as the ridging along the northern border of
Kansas indicative of the southern secondary center. The NGM forecast shown in
the upper panel of the figure departs Turther from the observed development in
exhibiting excessive deepening by this time in addition o its storm position and
shape error. Associated large difference between the MGHM and ela pressure
gradieni paiterns and corresponding circulations over Minnesola when compared
with ihe analysis in Fig. 17 over the same region 15 one feature favoring the ela
3

at ithat time.

Sactions of the MEF 24- and a‘iﬁ—%‘mur forecasis for the same initial Ume are

af
shown in Fig. 19 as the upper and the lower panel, regpectively. The MRF as &



giobal model is of course not meant to forecast detail of the kind discussed on
the preceding pages; indeed at 24 h the storm over the western states while
being very accurately placed does not exhibit a1l of the detail seen in the eta
forecasi such as the separate centers in eastern Wyoming and in sastern
Colorado and the troughiness into southern Arizona. The excessive depth of the
low, 992 mb compared to analyzed 27, might be due to a number of reasons one
ot which 15 the reduction {o sea leve)l. For example, the two 098 mb centers of
the eta map in Fig. 14 both end up with values 4 mb deeper when the "standard”
reduction is used. At 48 h over lower terrain the MRF depth of 990 mb iz the
same as that of the eta forecast and the shape of the storm is very similar. The
largest difference between the two forecasts at that time might be in the
position of the storm center with the MRF center across lowa lagging behind the
etz center by about 100 km or so. This is of course reflected in differences in

pressure gradient patterns over specific areas such as again over Minnesota.

15 which have been discussed in this section were not
necessarily chosen to depict characieristics tupical of the models but simply to
show how they handled individual situations. On a day-to-day basis the

differences between the eta and NGM's forecasts tended to be smaller

5. Summery and plans Tor further work

For a d40-day series of 80 eta model and NGM 48 h forecasts in

Ootoaber-Movember 1953 the #ts model was substaniially more accuraie than the

|ll

MEM in Torecasting hig%‘:er amounts of 24-hour accumuiated precipitation of (.50
inches and greater. The two models seemed about equally accurate in
forecasting lighter amounis of precipitation. The greatest relative gain in

accuracy of the eta over the NGM forecasis was in the 24-48 h forecast range

Ll
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SEA LEVEL PRESSURE (MB} 12-H NGM FCST
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\\uﬁ ;7 r" F=" % “
. ‘"g‘ ) . 'Y “.“"“ 000 ,' W
j' ‘t\ N ‘ & 1094 71
‘ 1/024 5 By, 10087

w \ V&'ﬁ":".u 2 > P
f{%@%?
Sy
1016 \q‘n“

| Vo 1d12 8 x L
1 1@ ‘. /”’"
16117 1013 >

N

0
O\
o2, |

12 H ETA FCST» RLXTs SOR» 1. 75, SSM
- SEA LEVEL PRESSURE (MB) _ VALID 127 11/14/88

o /
kk}_oos K ; /

102

Fig. 12, ZSectinns of the MGM {upper panel} and eta {lower pansl} sealevel pressure 12 h
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Fig. 14, ZJectionz of the NGM {upper panel) and sta {lower panel} sea level pressure 24h
farecasiz verifying at 0000 UTC 15 Hevernber 1988
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SEA LEVEL PRESSURE (MB} 48-H NGM FCST
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Fig. 18, Sactions of the HGM {upper panel) and sta {lowsr panel) sea level pressure 48 h
forecasia verifying o QOO0G UTC 16 Hovember 1988,



for the categories of 1.25 inches and greater where the eta modsl showed some

skill as opposed 1o praciicaliy no skill shown by the HGM modsel.

Az Tor the overall amounts, both models underforecast the higher amounts
 precipitation, the NGM more so0 than the eta model. On the other hand, both

models overforecast the very light amounts of precipitation, the eta model more

so than Lhe MG We speculate that this 1atter weakness, and perhaps also the
tendency of the models to underforecast the total amounts, is the consequence

of the absence of cloud waler as a prognostic variable. With no cloud water,
condensation immediately resulis in precipitation which must produce too
frequent Tight precipitation but also regarding intense rain could resull in more

widespread rather than concenirated pailemns.

comparing the 500 mb geopotential height errors the aviation model was
also included. A probiem with the omparisons however was that Tfor
archiving reasons it was not possible to verify each of the three models against
its over infiial heighis. 11 is expecied that this will be possibie in the near
future. in the meaniime NGM initial heights were chosen as verificalion for all
three of the models. For the 30 days of November, the aviation model had the
smailest standard deviation and also the smallest total rms height errors. The
i

eia model, on the other hand, had the smallest mean error and beyond 12 h had

alzo the siandard deviation of the errors smailer than the NGH.

Planned worl 1o further improve the eta model's performance includes
incorporation of more detatled surface processes and carrying cloud water

expiicitiy.
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Fig. 12 3ections of the 24 b {upper panel) and 45 h {lower panel} MRF ses level prassure and
10007500 mb thickness forecasts verifuing &t the same time as Torecasts shown in Fig. 14 and Fig. 15,
respeciivein
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